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(57) ABSTRACT 
In an image recording apparatus of this invention, a 
high voltage is applied to a blade for scratching a brush 
roller on which the toner particles are supported. The 
high voltage applicator is installed in an image record 
ing apparatus which supplies toner particles in the vi 
cinity of a particle control electrode so as to form a mist 
of toner particles by scratching a brush roller on which 
the toner particles are supported. The particle control 
electrode includes apertures allowing passage of toner 
particles to control image information. An image is 
formed on a recording medium provided at an opposite 
side of a toner particle supplying source. The tip of the 
blade to which a high voltage is applied generates a 
corona discharge, so that the toner particles can obtain 
a required amount of charge and the electric field en 
abling the toner particles to pass through the apertures 
can be controlled easily. 

18 Claims, 2 Drawing Sheets 
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1. 

MAGING MATERIAL PROVIDING DEVICE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to an image recording 

apparatus which directly controls a flow of charged 
toner particles and records an image on a recording 
medium, and more particularly to an image recording 
apparatus capable of increasing a charged amount of 
toner particles. 

2. Description of Related Art 
There has been conventionally proposed an image 

recording apparatus which generates an electric field 
between a control electrode having apertures which 
can pass charged coloring particles (hereinafter referred 
to as toner particles) and a back electrode, the image 
recording apparatus recording the image on a recording 
medium inserted between both electrodes, by directly 
controlling the charged toner particles. As an example 
of this kind of image recording apparatus, there has 
been proposed an image recording apparatus disclosed 
in U.S. Pat. No. 3,689,935. 

It was difficult, however, to control the toner parti 
cles directly by the electric field generated between 
both electrodes in the above image recording apparatus, 
unless the large quantity of charged toner particles is 
transported in the vicinity of the control electrode, and 
unless the toner particles are supplied so as to form a 
mist of toner particles. 

In order to solve this problem, the inventor of the 
present invention proposed the image recording appara 
tus specified in Japanese patent application No. 2-10906 
which is capable of transporting the large quantity of 
charged toner particles in the vicinity of a control elec 
trode and supplying the toner particles so as to form a 
mist of toner particles. The large quantity of charged 
toner particles was transported in the vicinity of the 
control electrode by rotation of a brush roller having a 
brush supporting the large quantity of charged toner 
particles thereon. A scratch blade was installed in the 
position where it contacts the brush of the brush roller, 
so that the brush would contact the scratchblade and be 
bent by its own elasticity when the brush roller rotated. 
When the brush roller further rotated, the brush bent 
further and came off from the scratch blade. Then, the 
brush returned to an original condition by its own elas 
ticity. At this moment, the toner particles which were 
supported on the brush separated from the brush. As a 
result, the toner particles which separated from the 
brush formed a mist of toner particles and were supplied 
below the control electrode. 

However, in the image recording apparatus thus con 
structed, the charged amount of the toner particles is 
very small because the toner particles are only charged 
triboelectrically. When the charged amount of the toner 
particles is small, it is difficult to control the modulation 
of the flow of the toner particles by the electric field 
generated between the control electrode and the back 
electrode. Therefore, the conventional image recording 
apparatus had many problems such as slow image re 
cording speed, and the apparatus became very large and 
expensive because it needs to drive the control elec 
trode by applying a high voltage and it is difficult to 
make the control circuit to IC. 
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2 
SUMMARY OF THE INVENTION 

An object of the present invention is, therefore, 
to provide an image recording apparatus which has a 

simple and cheap structure but enables speedy record 
ing of an image. More specifically, the object of the 
present invention is to provide an image recording ap 
paratus capable of controlling the flow of the toner 
particles even if the back electrode is driven at low 
voltage by providing a required and sufficient amount 
of charge to the toner particles supplied in the vicinity 
of the control electrode. 

In order to achieve the above object, an image re 
cording apparatus of the present invention comprises: 
carrying means having a ciliary member which supports 
charged particles on its surface; a control electrode 
having apertures through which the particles supported 
by the carrying means can pass; a back electrode con 
fronting the carrying means through the control elec 
trode, the back electrode being spaced from the control 
electrode by a space allowing passage of a support 
member on which an image is recorded; a scratch mem 
ber for supplying particles supported by the ciliary 
member below the control electrode by scratching the 
ciliary member to form a mist of particles, the scratch 
member being arranged in a position where it contacts 
the ciliary member which supports the particles 
thereon; and charging means for adhering an ionized 
ion to the particles supplied as a mist. 
According to the image recording apparatus of the 

present invention thus constructed, the charging means 
adheres the ionized ion onto the particles, so that it 
becomes possible to provide a sufficient amount of 
charge to the particles and to easily control the electric 
field of the particles. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages 

of the invention will become more apparent from read 
ing the following description of the preferred embodi 
ment taken in connection with the accompanying draw 
ings in which: 
FIG. 1 shows a construction of an image recording 

apparatus which embodies this invention; and 
FIG. 2 is a perspective view showing the particle 

control member. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the accompanying drawings, a 
preferred embodiment of the invention will be de 
scribed in detail. 

First, the construction of an image recording appara 
tus of this embodiment will be described with reference 
to FIG. 1. 
The image recording apparatus is roughly divided 

into a toner supplying portion, a toner controlling por 
tion, and a toner fixing portion. 
The toner supplying portion comprises a toner case 

21, a brush roller 20, a supply roller 23, a scratch blade 
24, and a layer thickness regulating blade 26. 
The brush roller 20, the supply roller 23 and the 

scratch blades 24 are provided in the toner case 21 in 
which toner particles 22 are stored. Further, the toner 
case 21 is grounded. 
The supply roller 23 is a roller to be rotated in the 

direction indicated by the arrow A shown in FIG. 1 by 
a driving source (not shown) and is provided in the 
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toner case 21. A center shaft of the supply roller 23 is 
preferably metal but the periphery is formed of sponge 
or plastic, etc. The supply roller 23 is for supplying the 
toner particles 22 to the brush roller 20. 
The brush roller 20 is a roller to be rotated in the 

direction indicated by the arrow B shown in FIG. 1 by 
a driving source (not shown) and is also provided in the 
toner case 21 as is the supply roller 23, and is arranged 
under a particle control member 1 to be described later. 
The brush roller 20 comprises a ciliary member or brush 
20a which comprises cloth and a brush roller shaft 20b 
of a metal such as aluminum. Further, the brush roller 
shaft 20b is grounded. The brush roller 20 is provided 
with its brush roller shaft 20b extending parallel to the 
center shaft of the supply roller 23, and both rollers 
come in contact with each other. The toner particles 22 
transported by the supply roller 23 come in contact 
with the brush 20a of the brush roller 20 and are moved 
towards the brush 20a. Therefore, the brush roller 20 
transports the toner particles 22 under the particle con 
trol member 1. 
The scratch blade 24 is also provided in the toner case 

21. The scratch blade 24 is a blade made of sharpened 
metal. The scratch blade 24 is arranged to come in 
contact with the brush 20a of the brush roller 20 and 
scratches the brush 20a during rotation of the brush 
roller 20. The toner particles 22 are supported on the 
brush 20a. When the brush 20a is scratched by the 
scratch blade 24, the toner particles 22 which are being 
supported by the brush 20a are separated to form a mist 
of toner particles and are supplied below the particle 
control member 1. Moreover, the scratch blade 24 is 
connected to a high charging voltage power supply 25, 
so that an unequal electric field is generated between 
the sharp scratch blade 24 and the grounded brush rol 
ler shaft 20b. Then, the positive ion ionized by the 
strong electric field generated in the space around the 
scratch blade 24 flows to the brush roller shaft 20b. The 
positive ion adheres to the toner particles 22 in this 
manner. Therefore, the toner particles 22 are strongly 
charged in a positive polarity by the positive ion. 
The layer thickness regulating blade 26 is also pro 
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vided in the toner case 21. In this embodiment, the layer . 
thickness regulating blade 26 is arranged under the 
particle control member 1. The tip end of the layer 
thickness regulating blade 26 is close to the surface of 
the supply roller 23. Therefore, the layer thickness reg 
ulating blade 26 is provided to make constant the layer 
thickness of the toner particles 22 which adhere to the 
surface of the supply roller 23 by the rotation of the 
supply roller 23 in the direction indicated by the arrow 
A shown in FIG. 1. The toner particles 22 whose layer 
thickness is made constant by the layer thickness regu 
lating blade 26 come in contact with the brush 20a of 
the brush roller 20. 
The toner controlling portion comprises a particle 

control member 1 and an electrode roller 11. 
The particle control member 1 is provided above the 

brush roller 20 as mentioned above. The construction of 
the particle control member 1 of this embodiment will 
be described with reference to FIG. 2. FIG. 2 is a per 
spective view showing this particle control member 1. 
The particle control member 1 comprises a plurality 

of apertures 6, an insulative layer 2, a reference elec 
trode 3 and a plurality of segment control electrodes 4. 
The insulative layer 2 is a thin board which consists of 
an insulating material. Any material can be used as an 
insulating material if the material has the insulating 
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4 
character. It is thus possible to use films such as resin, 
ceramic, and PET (polyethylene terephthalate) film. 
The reference electrode 3 is installed on the side of 
brush roller 20 of the insulative layer 2 and is a 
grounded metallic layer. Apertures 6 penetrate through 
the insulative layer 2 and the reference electrode 3. 
Moreover, apertures 6 are arranged in one line. In addi 
tion, each segment control electrode 4 is a metallic layer 
installed independently around the aperture 6 and at an 
opposite side of the insulative layer 2 with respect to the 
location of the reference electrode 3. Each segment 
control electrode 4 is connected to a control voltage 
drive circuit 8 generating the voltage by an image sig 
nal, the control voltage drive circuit 8 being installed 
corresponding to the number of the segment control 
electrodes 4. 
The electrode roller 11 is installed confronting the 

brush roller 20 through the particle control member 1. 
The central shaft of the electrode roller 11 is made of 
conductive metal, and the outer periphery of the elec 
trode roller 11 is made of rubber for easily transporting 
a recording medium 10 on which an image will be re 
corded. There is a certain space between the electrode 
roller 11 and the particle control member 1 through 
which the recording medium 10 can pass. Moreover, 
the electrode roller 11 is constructed to rotate when it 
contacts the recording medium 10 by a driving source 
(not shown) and is connected to a high voltage power 
supply 12. The recording medium 10 is transported by 
the rotation of the electrode roller 11. 

In the toner fixing portion, the toner particles 22 
which are adhered on the recording medium 10 in the 
toner controlling portion are thermally fixed on the 
recording medium 10. The toner fixing portion has a 
heat source (not shown) and is constructed from a pair 
of heat rollers 13 whose surface is coated with silicon or 
PTFE (polytetrafluoroethylene). The toner fixing por 
tion is constructed so that the recording medium 10 on 
which the toner particles 22 are adhered according to 
the image signal in the toner controlling portion may 
pass between the pair of heat rollers 13. The pair of heat 
rollers 13 also rotates in the direction indicated by the 
arrow shown in FIG. 1 by a driving source (not shown). 

Next, the operation of the image recording apparatus 
of the present embodiment thus constructed will be 
described with reference to FIG. 1 and FIG. 2. 
When a user presses a start switch (not shown) for 

recording an image, the image recording apparatus 
starts to record the image on the image recording me 
dium 10. 

First, the supply roller 23 and the brush roller 20 start 
to rotate in each direction indicated by the arrow A and 
B in the toner case 21. When the supply roller 23 rotates 
in the direction indicated by the arrow A, the toner 
particles 22 are rubbed on the surface of the supply 
roller 23 and are slightly charged. In this embodiment, 
the toner particles 22 are slightly charged in a positive 
polarity. The toner particles 22 slightly charged in a 
positive polarity are supported on the surface of the 
supply roller 23. When the toner particles 22 are exces 
sively supported on the surface of the supply roller 23, 
the layer thickness regulating blade 26 removes the 
excess toner particles 22 on the surface of the supply 
roller 23, as the supply roller 23 rotates in the direction 
indicated by the arrow A. Therefore, the layer thick 
ness of the toner particles 22 supported on the surface of 
the supply roller 23 will be regulated to become con 
stant. The toner particles 22 which are supported on the 
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surface of the supply roller 23 and whose thickness is 
regulated to become constant by the layer thickness 
regulating blade 26 are transported by further rotation 
of the supply roller 23 in the direction indicated by the 
arrow A until coming in contact with the brush 20a of 
the brush roller 20. The toner particles 22 which have 
been transported and which are supported on the sur 
face of the supply roller 23 move from the surface of the 
supply roller 23 to the brush 20a of the brush roller 20, 
because the brush roller 20 is grounded. At this time, 
the toners 22 are further charged in a positive polarity 
as the toner particles 22 are further rubbed by coming in 
contact with the brush 20a. 

Next, the toner particles 22 which are supported on 
the brush 20a of the brush roller 20 are transported 
toward the scratch blade 24 by further rotation of the 
brush roller 20 in the direction indicated by the arrow 
B. At this time, because the positive high charging volt 
age is applied from the high charging voltage power 
supply 25 to the scratch blade 24, a strong unequal 
electric field is generated between the sharp scratch 
blade 24 and the grounded brush roller shaft 20b. Then, 
the positive ion ionized by the strong electric field gen 
erated in the space around the scratch blade 24 flows to 
the brush roller shaft 20b, and the toner particles 22 are 
strongly charged in a positive polarity as the positive 
ion adheres to the toner particles 22. As mentioned 
above, the scratch blade 24 separates the toner particles 
22 in the form of a mist and supplies the toner particles 
22 below the particle control member 1. 
The recording medium 10 on which the image is 

formed is transported between the particle control 
member 1 and the electrode roller 11 by the rotation of 
the electrode roller 11. At this time, the toner particles 
22 supplied under the particle control member 1 in the 
form of a mist are directly controlled by the image 
signal of a low control voltage which is applied to each 
connected segment control electrode 4 by each control 
voltage drive circuit 8, and the toner image is formed on 
the image recording medium. At this time, the voltage 
which is opposite to the polarity in which the toners 22 
are charged, a negative voltage in this embodiment, is 
always applied to the electrode roller 11. In a non 
image portion, the control voltage which has the same 
polarity in which the toner particles 22 are charged is 
applied to the segment control electrode 4. Therefore, 
the toner particles 22 do not pass through the aperture 
6 at a nonimage portion. In an image portion, the con 
trol voltage which has the opposite polarity to that 
which the toner particles 22 are charged is applied to 
the segment control electrode 4. The toner particles 22 
are passed through the apertures 6 by the potential 
difference and are supplied to the recording medium 10. 
The toner image thus formed on the recording medium 
10 is fixed as the recording medium 10 passes through 
the fixing device 13. 
The toner particles 22 are charged by corona electri 

cal discharge between the scratch blade 24 and the 
brush roller shaft 20b. The triboelectric charge between 
the toner particles 22 and the brush 20a, and between 
the toner particles 22 and the supply rollers 23 are fur 
ther added to the original charge. The toner particles 22 
have a large amount of charge. The force which the 
toner particles 22 receive from the electric field is pro 
portionate to the charging amount of the toner particles 
22. Therefore, in the limited control voltage, the highly 
charged toner particles 22 are easier to control since the 
range of the amount of toner particles 22 which can be 
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6 
induced to pass through the apertures 6 is expanded. 
Furthermore, the diameter of the flow of the toner 
particles 22 which is controlled by the limited control 
voltage is expanded. 
According to the image recording apparatus of the 

present invention, it becomes possible to control the 
amount and the flow of the toner particles 22 which 
pass through the apertures 6 by a low control voltage of 
the image signal, and to provide the image recording 
apparatus which has a simple and cheap structure but 
enables speedy recording of the image, since a high 
charging voltage is applied to the scratch blade 24 for 
scratching the brush roller 20 on which the toner parti 
cles 22 are supported. 
While the invention has been described in conjunc 

tion with a specific enbodiment thereof, it is evident 
that many alternatives, modifications and variations will 
be apparent to those skilled in the art. Accordingly, the 
preferred embodiment of the invention as set forth 
herein is intended to be illustrative, not limiting. Vari 
ous changes may be made without departing from the 
spirit and scope of the invention as defined in the fol 
lowing claims. 
What is claimed is: 
1. An image recording apparatus comprising: 
carrying means having a ciliary member which re 

tains particles thereon; 
a control electrode having at least one aperture en 

abling passage of particles retained by the carrying 
means; 

a back electrode confronting the carrying means 
opposite an aperture of the control electrode, the 
back electrode being spaced from the control elec 
trode by a space enabling passage therethrough of 
a recording medium on which an image is re 
corded; 

a scratch member arranged at a position spaced from 
the control electrode so as to contact the ciliary 
member retaining the particles thereon, the scratch 
member scratching the ciliary member to form a 
mist of the particles; and 

charging means connected to said scratch member 
for providing ionized ions to the mist of the parti 
cles regardless of whether said scratch member 
contacts the mist of particles. 

2. The image recording apparatus according to claim 
1, wherein the scratch member is conductive. 

3. The image recording apparatus according to claim 
2, wherein the charging means applies a high voltage to 
the scratch member. 

4. The image recording apparatus according to claim 
1, wherein said control electrode comprises: 
an insulative layer; 
a reference electrode on one surface of said insulative 

layer; and 
at least one segment control electrode on an opposite 

surface of said insulative layer, said at least one 
aperture passing through said at least one segment 
control electrode, said insulative layer and said 
reference electrode. 

5. An image recording apparatus comprising: 
carrying means having a ciliary member which re 

tains particles thereon; 
scratching means for scratching the ciliary member 

retaining the particles thereon to form a mist of the 
particles, the scratching means being formed of a 
conductive material and being connected with a 
first voltage source to charge the particle regard 



5,128,695 
7 

less of whether said scratching means contacts the 
particles; 

a control electrode having at least one aperture, the 
control electrode being supplied with an image 
control voltage to control passage of the mist of the 5 
particles through the aperture; 

a back electrode communicating with the carrying 
means through an aperture of the control elec 
trode, the back electrode being spaced from the 
control electrode by a space enabling passage 
therethrough of a recording medium on which an 
image is recorded, the back electrode being con 
nected with a second voltage source having a po 
larity opposite to that of the first voltage source. 

6. The image recording apparatus according to claim 
5, wherein the first voltage source is a high voltage 
source capable of providing ionized ions to the mist of 
the particles through the scratching means. 

7. The image recording apparatus according to claim 
5, wherein the first voltage source supplies the scratch 
ing means with a charging voltage for charging the mist 
of the particles, the charging voltage being higher than 
the image control voltage supplied to the control elec 
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trode. 
8. The image recording apparatus according to claim 25 

5, wherein the carrying means includes charging means 
for triboelectrically charging the particles, the ciliary 
member retaining the charged particles. 

9. The image recording apparatus according to claim 
8, wherein the charging means trioboelectircally 
charges the particles to the same polarity as that of a 
charging voltage from the first voltage source. 

10. The image recording apparatus according to 
claim 5, wherein said control electrode comprises: 

an insulative layer; 
a reference electrode on one surface of said insulative 

layer; and 
at least one segment control electrode on an opposite 

surface of said insulative layer, said at least one 
aperture passing through said at least one segment 
control electrode, said insulative layer and said 
reference electrode. 

11. An image forming apparatus comprising: 
a toner supplying portion; 
a toner controlling portion; and 
a toner fixing portion; 
wherein said toner supplying portion comprises a 

brush roller, a supply roller and a scratch blade, 
said supply roller rotating to supply toner particles 
to said brush roller, said brush roller comprising a 
brush supported on a shaft, said brush roller rotat 
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8 
ing to transport toner particles to said toner con 
trolling portion, said scratch blade contacting said 
brush as the brush rotates to cause the toner parti 
cles to be released from the brush in mist form, said 
scratch blade being formed of a conductive mate 
rial and connected to a first voltage source to 
charge the particles regardless of whether the 
scratch blade contacts the particles; and 

an image control voltage drive circuit for generating 
an image control voltage, a back electrode con 
nected to a second voltage source having a polarity 
opposite to that of said first voltage source, and a 
particle control member connected to said image 
control voltage drive circuit for controlling trans 
portation of the toner particles to a recording me 
dium supported on said back electrode. 

12. The image forming apparatus according to claim 
11, wherein said particle control member is located 
between said back electrode and said brush roller. 

13. The image forming apparatus according to claim 
12, wherein said particle control member comprises: 
an insulative layer; 
a reference electrode on one surface of said insulative 

layer; 
at least one segment control electrode on an opposite 

surface of said insulative layer; and 
at least one aperture passing through said at least one 
segment control electrode, said insulative layer and 
said reference electrode. 

14. The image forming apparatus according to claim 
13, wherein said particle control member includes a 
plurality of segment control electrodes equally spaced 
along said opposite surface of said insulative layer. 

15. The image forming apparatus according to claim 
14, wherein said particle control member includes a 
plurality of said apertures, and wherein each said aper 
ture is located at a central portion of each said segment 
control electrode. 

16. The image forming apparatus according to claim 
13, wherein said back electrode and said brush roller are 
located adjacent said at least one aperture on opposing 
sides of said particle control member. 

17. The image forming apparatus according to claim 
11, wherein said toner supplying portion includes a 
layer thickness regulating blade for regulating the thick 
ness of toner particles on said supply roller. 

18. The image forming apparatus according to claim 
11, wherein said first voltage source is a high voltage 
source for providing ionized ions to the toner particles 
through said scratch blade. 
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